
Focusing Solenoids

Yuri Tereshkin

Fermilab Accelerator Advisory Committee
May 10th – 12th , 2006



Outline
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• Introduction to Solenoid Focusing
• Requirements and Availability
• R&D Issues: 

- Magnetic Modeling
- Strand Choice
- Stress Management
- Quench Protection

• Test Coil Program
• What’s next on the agenda



How It Works
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1. Radial component of a fringe field 
combined with asymmetric particle 
rotation provides radial component of 
the particle velocity;

2. Rotation in the longitudinal field 
results in different azimuthal position 
of the particles after the lens.
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Focusing length:

Example: B = 5T, Leff = 7.5 cm (~3”)  ->> f = 13 cm;

Distance between the lenses must be shorter than 0.5 m;

To increase this distance, Leff and/or Bc must be adjusted ->> beam size increases.

Brillouin field: BB2 = 6.9·10-7·I / (a2·U½) a = 2 mm, U = 50 kV, I = 40 mA BB = 55 Gs



Requirements
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Examples of Implementation
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Solenoid R&D Constituents
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Coordination:
J. Tompkins,
I. Terechkine

Modeling:
V.V. Kashikhin,

B. Wands,
P. Bauer,

I. Terechkine

Design:
G. Davis,
T. Page,

T. Wokas,
I. Terechkine

Strand R&D:
E. Barzi,

D. Turrioni,
T. Wokas,

A. Makarov

Fabrication:
TD Procurement,

T. Wokas

Test Preparation:
T. Wokas,

Y. Pischalnikov
and MTF stuff 

Testing:
M. Tartaglia,

and MTF stuff

Test Results 
Analysis:

M. Tartaglia,
I. Terechkine



Strand R&D
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• SSC dipole inner layer NbTi strand (IGC):
strand diameter ~ 0.808 mm
filament diameter  ~ 6 mkm

• Modified SSC strand to increase coil compaction 
factor

• “Oxford” rectangular 0.9 x 0.6 mm2 strand  
filament diameter ~ 70 mkm

• Round Oxford strands for compensation coils



Magnetic Modeling
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Magnetic Modeling
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Packing (or compaction) factor:

K = Σ(S_strand) / S_coil
Strand Parameters

Global Parameters Performance at quench



Stress Management
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• Stress accumulation during winding
• Stress generation during cooling down 
• Stress redistribution during excitation
• Pre-stress application during assembly

Main Results of study in:

1. Analysis of Stress in PD Front End Solenoids - TD-05-039;

2. Test Solenoid Design Proposal – TD-05-040;

3. Review 08-31-05

4. Bob Wands: TD-06-018, TD-06-19

5. G. Davis, et al, TD-06-020



Stress Management
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T = 300 K  
I = 0 A

T = 4 K
I = 0 A

T = 4 K
I = 300 A

Conductor Hoop Stress in Focusing Solenoid
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Stress Management
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Quench Protection Issues
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How quench propagates ? How long it takes ?
What can be the maximal temperature in the coil ?

Main results of the study can be found in:

1. Focusing Solenoid Quench Protection Studies.
Part I: Method Description and the First Iteration. TD-06-003

2. Focusing Solenoid Quench Protection Studies.
Part II: Test Solenoid Quench Protection. TD-06-004

3. Solenoid Quench Heater TD-06-006

4. Review 12-02-2005



Quench Propagation
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a) I = 200 A; t = 3.5 ms, 90 ms, 220 ms

b) I = 250 A, t = 2 ms, 70 ms, 120 ms

c) I = 330 A, t = 0.3 ms, 12.5 ms, 44 ms



Coil Heating
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Test Solenoid Program
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Expected Quench Current – 306.8 A

Central Field at quench current – 7.1 T

Maximal Field in the Coil – 7.5 T



Main Test Results So Far
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Quench current is 
within 1% from the 
prediction

Stress history

Current shape

Measured and calculated field distribution

Quench propagation 
rate is as expected



Tentative R&D Schedule
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